reduction of the diffuse scattering by the miniature pressure cell described below. On the triple-axis spectrometer, we achieved a high resolution in energy better than 50 meV. For most of the work reported here, the spectrometer was used in an elastic mode where the initial wavevector was chosen as k i ¼ 1.2 Å . Data were collected near the [110] lattice Bragg point. The spectrometer 4F1 permits scans on a cartesian grid only, so that the transverse spread could only be studied in scans tangential (T) to the sphere of intensity shown in Fig. 1 (see also Fig. 2 legend) . The resolution function was determined at the [110] nuclear Bragg peak, and is marked in the plots as R. For the experiments, the miniature pressure cell was mounted on a so-called orange cryostat, for minimum temperatures of 1.6 K. The data collected at the SANS spectrometer V4 reproduce the triple-axis data in the region of data overlap. We follow the usual convention where [..] denotes reciprocal lattice points, (..) a particular direction in reciprocal space and k..l the family of all equivalent directions in reciprocal space.
High-pressure techniques
High pressures were generated with a miniature clamp cell (outer diameter 12 mm) made of Cu:Be using standard PTFE sealing caps and Fluorinert as pressure transmitter. The diameter of the cylindrical samples was smaller than the inner diameter of the PTFE sealing caps by a few tenths of a millimetre. The samples were left floating free in the pressure medium to avoid the effects of differential contraction by a sample mount. Two pressure cells were prepared with a sample each, where the k110l and k111l axes were, respectively, parallel to the cylinder axis to save experiment time and to test for reproducibility. The lattice mosaic spread was found to be unchanged for both samples at all pressures studied. The pressure technique is identical to that used in a large number of studies of bulk properties of, for example, the resistivity, magnetization and quantum oscillatory phenomena, and was previously used in similar neutron diffraction studies 30 . None of these studies indicated any hints of non-hydrostatic pressure components. However, we observe a trend for the domains in the scattering plane to be populated most strongly, that is perpendicular to the vertical axis of the pressure cell. This may be a consequence of tiny non-hydrostatic components that freeze into the pressure transmitter that we were not able to detect in the lattice mosaic or lattice form factor. For the two pressure cells, the longitudinal and transverse spread described in the text is reproducibly the same, clearly establishing that the effects are intrinsic to the sample and not caused by any tiny non-hydrostaticities. The pressure was consistently determined from (1) the change of the lattice constant, (2) the superconducting transition of Sn and (3) the bulk magnetic transition measured in a vibrating sample magnetometer when p , p c .
Sample preparation and quality
The single-crystal samples investigated here were grown by r.f. induction of zone-refined high-purity starting materials on a water-cooled Cu-crucible in an ultrahigh-vacuum environment. The resulting ingots were annealed for 2 weeks near the melting point. Single-crystal samples were oriented by Laue X-ray diffraction, and cut by low-power spark erosion. The samples investigated have a tiny, resolution-limited mosaic spread h , , 0.28, which compares with industrial quality silicon single crystals and is orders of magnitude smaller than typically found in intermetallic compounds. The very low value of h underscores the exceptional intrinsic spread around k110l of the magnetic state above p c . Forschungsgemeinschaft, the Helmholtz Gemeinschaft and the European Science Foundation under FERLIN.
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Correspondence and requests for materials should be addressed to C. Anthropogenic aerosols enhance cloud reflectivity by increasing the number concentration of cloud droplets, leading to a cooling effect on climate known as the indirect aerosol effect. Observational support for this effect is based mainly on evidence that aerosol number concentrations are connected with droplet concentrations, but it has been difficult to determine the impact of these indirect effects on radiative forcing 1-3 . Here we provide observational evidence for a substantial alteration of radiative fluxes due to the indirect aerosol effect. We examine the effect of aerosols on cloud optical properties using measurements of aerosol and cloud properties at two North American sites that span polluted and clean conditions-a continental site in Oklahoma with high aerosol concentrations, and an Arctic site in Alaska with low aerosol concentrations. We determine the cloud optical depth required to fit the observed shortwave downward surface radiation. We then use a cloud parcel model to simulate the cloud optical depth from observed aerosol properties due to the indirect aerosol effect. From the good agreement between the simulated indirect aerosol effect and observed surface radiation, we conclude that the indirect aerosol effect has a significant influence on radiative fluxes.
The Southern Great Plains (SGP) site is centred at 368 37 0 N, 978 30 0 W, in Oklahoma, and is a typical continental site with high aerosol number concentration (500-600 cm 23 for particles with diameter between 0.1 and 10 mm, and 1,000-10,000 cm 23 for total condensation nuclei (CN) concentration 4 ) and composition of mixed-continental origin. The North Slope of Alaska (NSA) site is located at 718 19 0 N, 1568 37 0 W, in Barrow, Alaska, and is a typical Arctic site with low aerosol concentration (CN concentration of 99^120 cm 23 for our study) and composition determined partly by sea-salt particles (see Table 1 ). Here, these data and data from the Atmospheric Radiation Measurement (ARM) programme are used to examine the effects of aerosols on cloud radiative properties. Dong et al. 5 developed a method to derive cloud optical depth (t c ) by requiring that a delta-2-stream radiative transfer model match the observed downward broadband shortwave flux at the surface, and validated its use by comparison with in situ aircraft data [6] [7] [8] [9] . Figure 1 shows the relationship between the derived t c and the cloud liquid water path (LWP) at both the SGP and NSA sites. In this figure, the LWP is derived from microwave radiometer brightness temperatures at 23.8 and 31.4 GHz using a statistical retrieval method 10 , and the cloud optical depth is derived from the radiative transfer model and Eppley precision spectral pyranometer measurements at the ARM sites 5, 11 . There is a significant difference in the slope of the relationship between cloud optical depth and LWP at these two sites. Below, we show that this difference can be explained by the indirect aerosol effect.
The time periods in this study were from 1 May to 30 September 2000 at the ARM NSA site, and from November 1996 to November 1998 at the ARM SGP site. During these two time periods the cloud temperatures at both sites are above 213 8C for most of the time, so that clouds at both sites can be viewed mostly as liquid-phase and liquid-dominant mixed-phase clouds.
We used a warm-cloud adiabatic parcel model 12 to examine the effect of aerosols on cloud drop number concentration. The parcel model requires that we specify the aerosol size distribution, total number concentration, composition, and updraft velocity. Then, we estimated the cloud optical depth using the measured cloud properties (cloud geometric thickness and LWP). Cloud geometric thickness is the difference between the cloud top height (derived from millimetre cloud radar measurements) and the cloud base height (derived from laser ceilometer measurements 5 ). We established five criteria for choosing the clouds under which cloud properties can be estimated using the retrieval method. These are: (1) only single-layer and overcast low-level stratus clouds are present as determined from cloud radar observations, (2) the cosine of solar zenith angle (m 0 ) is larger than 0.2, (3) the range of solar transmission is between 0.1 and 0.7, (4) LWP is between 20 and 600 g m 22 , and (5) cloud top height is less than 3 km. We identified approximately 300 h of the stratus clouds (more than 3,600 samples at 5-min resolution) that satisfied these five criteria at the NSA site and 500 h at the SGP site. In addition to these criteria, for examining the effects of aerosols on clouds we also required that the atmosphere be well mixed below cloud base and that the cloud top height be less than 2.5 km. These additional criteria reduced the number of cases for further analysis to 28 at the SGP site and 109 at the NSA site.
The criterion of a well-mixed atmosphere below cloud base enabled us to calculate the aerosol number concentration at cloud base by using the measured surface concentrations assuming that the aerosol mixing ratio is constant with altitude 13 . This criterion was satisfied by requiring that the water vapour mixing ratio measured by the ARM rawinsonde sounding near the cloud base and that near the surface were within^15%. Rawinsonde data are available for each day near local noon.
The cloud droplet number concentration was calculated from the adiabatic cloud parcel model using the measured aerosol ion composition and total mass at both sites (available approximately daily at each site; ref. 14 and P. K. Quinn, personal communication) as well as the CN number concentration available from NOAA Climate Monitoring and Diagnostics Laboratory measurements 15 . No direct measurements of aerosol size distribution were available. However, typical continental and marine size distributions are available from a number of measurements (see Table 5 .1 in ref. 1). Moreover, for the SGP site, ARM provided measurements of the total aerosol concentration with diameter .0.1 mm. So we developed a 2-mode lognormal size distribution that fitted both the total CN concentrations and the number concentration with diameter letters to nature .0.1 mm. We assumed that mode 1 had a mean diameter equal to 0.02 mm and a geometric standard deviation of 1.1, while mode 2 had a mean diameter of 0.08 mm and a geometric standard deviation of 1.75. For the NSA site, based on aerosol composition, we initially used either a typical marine size distribution 1 (a single-mode lognormal size distribution with a mean diameter equal to 0.19 mm and a geometric standard deviation of 1.5) or a typical continental size distribution 1 . For these size distributions and the measured composition, a fit to the standard relationship 16 for cloud condensation nuclei (CCN) as a function of supersaturation (S), CCN ¼ cS k , yields c ¼ 371^172 and k ¼ 0.39^0.11 for the SGP site, and k ¼ 0.31^0.31 for the NSA site (c was not computed for the NSA site because almost all aerosols are activated at this site). We estimated the vertical velocity for each time period based on the average updraft velocity and the turbulent kinetic energy (TKE) 18) . The modelled cloud optical depth is not sensitive to updraft at the NSA site, and would be very similar at the SGP site had we used the maximum millimetre cloud radar Doppler values for the updraft velocity.
Because the liquid water content within adiabatic stratiform clouds generally increases linearly with height, given the droplet number concentration N and LWP, the cloud optical depth can be calculated from t c ¼ 1:
; where r w is the liquid water density, C w ¼ 2LWP/H 2 , H is the cloud geometrical thickness, and k is a parameter that describes the dispersion of the cloud drops 19 . The CN data used in the model simulation, as well as cloud base and cloud top, and LWP, were averaged over a 1 h time period. We used k ¼ [(5.0 £ 10 24 N) þ 1.18] 23 , based on a fit to observations 20 . Figure 2 shows the cloud optical depth and LWP relationship found here using the parcel model. The line in each curve shows the relationship found in Fig. 1 needed to match the observed surface shortwave broadband flux. The points shown by the grey dots at the NSA site have CN number concentration greater than 200 cm 23 and used the original single-mode size distribution. Because it is likely that higher CN number concentrations are indicative of the presence of a nucleation mode in the size distribution, we added a small lognormal mode (as used at the SGP site) to the single-mode distribution at the NSA site for these points (with the average ratio between the large and small modes that was found at the SGP site). The adjustment of size distribution to the 2-mode distribution improves the fit between the parcel model results for cloud optical depth and that required to fit the shortwave broadband flux.
The large spread in the derived cloud optical depth from surface radiation measurements shown in Fig. 1 can result from effects that are not taken into account in the parcel model: entrainment, drizzle formation, and ice formation and splintering. But could any of these processes contribute to a difference in the observed slope between the two sites? Entrainment could potentially both increase and decrease the slope of the optical depth versus LWP relationship, but if it decreases the liquid water content by half at the top of the cloud it would not have a large impact at either site. The presence of ice particles at the NSA site does not greatly affect either the retrieved LWP 21 or retrieved optical depths 7 . Preferential drizzle at the NSA site should not greatly affect the retrieved optical depth if it is less than 25% of the total LWP 5 . The fact that warm-cloud adiabatic microphysics explains the retrieved cloud optical depth supports this assumption.
Our study shows that the cloud optical depth required to fit the surface downward shortwave flux at both the SGP and NSA sites can Cloud optical depth was determined using the predicted droplet number concentrations from an adiabatic cloud parcel model and the measured aerosol concentrations and composition. In both Figs 1 and 2 , the cloud LWP was that determined from the microwave radiometer measurement.
be explained by the indirect aerosol cloud effect. The use of a parcel model to determine the cloud droplet number concentration enables us to separate the effects of the cloud LWP and cloud droplet number concentration on the cloud optical depth. An examination of the TOA shortwave flux from the radiative transfer model applied to the two sites does not directly confirm the indirect effect, because the observed surface albedos at the NSA site for our cases (0.6^0.28) are significantly larger than those from the SGP site (0.2^0.02). However, the model can be used to estimate the outgoing flux difference if the clouds from the NSA site had the same average surface albedo and average zenith angle as those from the SGP site (see Fig. 3 ). This analysis indicates that these sites provide important evidence corroborating the effect of aerosols on cloud optical properties and on shortwave fluxes at both the surface and the TOA. Moreover, the analysis indicates that a parameterization of the effects of aerosols on clouds on the basis of an adiabatic parcel model and average aerosol size distributions such as those used in current general circulation models 18, 22, 23 provides a good estimate of cloud optical properties determined over a broad range of aerosol concentrations.
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